: lek male-male competition minnow perl organ Phoxinus phoxinus reproductive behaviour secondary sexual character sexual selection Male dominance hierarchies are usually linked to relative body size and to weapon size, that is, to determinants of fighting ability. Secondary sexual characters that are not directly used as weapons could still be linked to dominance if they reveal determination or overall health and vigour and hence, indirectly, fighting ability. We studied the mating behaviour of the minnow, Phoxinus phoxinus, a cyprinid fish in which males develop breeding tubercles during the spawning season. The function of these breeding tubercles is still not clear. Using microsatellite markers, we determined male reproductive success under controlled conditions. The minnows were territorial and quickly established a dominance hierarchy at the beginning of the spawning season. Dominance was strongly and positively linked to fertilization success. Although body size and number of breeding tubercles were not significantly correlated in our sample, both large males and males with many breeding tubercles were more dominant and achieved higher fertilization success than small males or males with few tubercles. We found multimale fertilization in most clutches, suggesting that sperm competition is important in this species. Females showed behaviour that may be linked to spawning decision, that is, male dominance might not be the only determinant of male reproductive success in minnows. Ó
Male dominance hierarchies are usually linked to relative body size and to weapon size, that is, to determinants of fighting ability. Secondary sexual characters that are not directly used as weapons could still be linked to dominance if they reveal determination or overall health and vigour and hence, indirectly, fighting ability. We studied the mating behaviour of the minnow, Phoxinus phoxinus, a cyprinid fish in which males develop breeding tubercles during the spawning season. The function of these breeding tubercles is still not clear. Using microsatellite markers, we determined male reproductive success under controlled conditions. The minnows were territorial and quickly established a dominance hierarchy at the beginning of the spawning season. Dominance was strongly and positively linked to fertilization success. Although body size and number of breeding tubercles were not significantly correlated in our sample, both large males and males with many breeding tubercles were more dominant and achieved higher fertilization success than small males or males with few tubercles. We found multimale fertilization in most clutches, suggesting that sperm competition is important in this species. Females showed behaviour that may be linked to spawning decision, that is, male dominance might not be the only determinant of male reproductive success in minnows. Across various taxa, dominance is usually well indicated by body size and weight (Andersson 1994; Qvarnstrom & Forsgren 1998) , but often also by secondary sexual characters that are not directly used as weapons (Clutton-Brock et al. 1980; Berglund et al. 1996; Kortet & Taskinen 2004; Kortet et al. 2004) . Sometimes, male dominance seems to be linked more closely to body size than to secondary sexual characters (Zucker & Murray 1996; Hudman & Gotelli 2007) , and sometimes secondary sexual characters may be the better indicators of male dominance (Kitchen et al. 2003; Kortet et al. 2004; Setchell et al. 2006; Stuart-Fox et al. 2006) , especially so if secondary sexual characters indicate good health and vigour. Indeed, high resistance or tolerance to pathogens has been found in dominant males (Rantala & Kortet 2004; Ahtiainen et al. 2006 ) and in males with elaborate secondary sexual characters (Milinski & Bakker 1990; Wedekind 1992; Taskinen & Kortet 2002; Kortet & Taskinen 2004; Ezenwa & Jolles 2008) . Secondary sexual characters can therefore be important not only in female choice but also in male-male competition (Andersson 1994).
We studied male reproductive success in regard to dominance and secondary sexual characters in the European minnow, Phoxinus phoxinus, a cyprinid whose mating system has so far only been qualitatively described as 'communal spawning' (Breder & Rosen 1966; Bless 1992) . Mature males seem to establish a dominance hierarchy and to defend territories before females begin to spawn (Bless 1992). Males often display secondary sexual characters during the reproductive period. These characters can include conspicuous skin colours (e.g. melanin-based patterns and/or red colours: the latter are usually most pronounced around the mouth and the pectoral and pelvic fins) and breeding tubercles that are mostly located on the head. Breeding tubercles are small, colourless and horny epidermal structures that are common in many fish
